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ANGULAR AND GROUND RESOLUTION
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‘ IO INCH LENS DIAMETER ~ FOCAL LENGTH fin
5 i : 2 mr/sec. SMEAR RATE  FitM )
EXPOSURE TIME
(10 MATCH FILM 4 £/ho)
4- \* ~
sy (S TN
ES 1 N
(ArRc sEC) 3 \\\ /
:| CONTRAST
z_\i\*_
.\ \-#" \___.._.
R [ SO-132 | %-zoe \
I e [
| 55 a4 L/MMm
BETTER ' 7
QUALITY | 28 40 56 8o \io 160
FOCAL LENGTH
2.8 4 56 8 " 16
§/no.

‘3¢ 0SS DUE TO ABERRATIONS
OF VERY FAST LENSES.
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COMPARISON OF SYSTEMS USING DIFFERENT FILMS
FIXED LENS DIAMETER & SMEAR RATE

4404 4400
SO-132 '80-206 $0-130

RELATIVE GROUND AND |
ANGULAR RESOLUTION 1.0 .31 1.27

IMAGE RESOLUTION 123 55 27

OPTIMUM FOCAL LENGTH 35 60 125

OPTIMUM #/No. 3.5 6 12.5
RELATIVE FILM WEIGHT 29 7.8
RADIATION SUSCEPTIBILITY ~2 ~10
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EFFECT OF IMAGE SMEAR

ANGULAR RESOLUTION Vvs. £/NOo. AND FOCAL LENGTH
VARY

SMEAR RATE
FOCAL LENGTH ¢ £/no.

EXPOSURE TIME

5—— SMEAR RATE

4mr/sec.
o [ 2mr/sec. FIX
; ! 10" LENS DIAMETER !
\ : . 1 mr/sec. S0-132
3 PR, PR - o s

ANGULAR RESOLUTION R\ .
(ARc sEc) 4 a I
, - zmr/sec.
(2:1 CONTRAST) \ NV /

AN\

\)
\ $/NO. AND FOCAL LENGTH FOR
OPTIMUM ANGULAR RESOLUTION

56 8
| |

20 28 40 56 80 IO
FOCAL LENGTH— INCHES
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ot

L SPREAD OF RESOLUTION
- DUE TO IMAGE SMEAR _

| 100%4— [ Nowma | 1t ey ®
1 TIME i T 2 TSMEAR EQUALS
J | 50% OF STATIC RESOLUTION
: ~* AT 2:1 CONTRAST
| 8oz iy <i\ ol -
| ”, ld - 7’
; e ] 2«x
L e | EXPOSURE
607 Y ’ ,‘ _T.—|-M~———E
PROBABILITY THAT [ / |
RESOLUTION WILL BE - 7 —- - ,‘ -——MEDIAN
BETTER THAN GIVEN VALUE ,’ . /
. 4017, 7 t —
I} ' | ,'
1 | h
! I
] —_ A
207 i s |l 2 .
| T CONTRAST CONTRAST l
|__R_AT|0 RATIO |
‘ STATIC RESOLUTION
VoA O | L ! | £ IR L
v 1 8 ) 1.0 1.1 1.2 12 1.4

RELATIVE GROUND RESOLUTION
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SEORET = oo |
RESOLUTION SPREAD DUE TO SMEAR
FOR VARIOUS FOCAL LENGTHS

100%

NOM/N:
EXPOSURY
YL

807%

o LAPIS ]

-

60% T ;

—7
7

MEDIAN

40%
NS DIAMETER
/32 FLY
SHENR AT 5 1oy b

BE BETTER THAN GIVEN LK

N
D
N
N
N
N
S
N
N
N
A
S
R
X
Q
N
X

20%

2 5 3 4
ANGULAR RESOLUTION AT 24 ARC See
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GROUND RESOLUTION Vs. APERTURE

FOR A GIVEN SMEAR RATE

INDEPENDENT OF FILM

CONDITIONS

h OPTIMUM FOCAL LENGTH
ANGULAR i LENS NEAR THE DIFFRACTION

i

RESOLUTION 7 N\ LIMIT

FULL ILLUMINATION

(ARc sEC) 50% OPTICAL TRANSMISSION

(2:1 coNTRAST) 57

IS

14
.84

.—!

~Nt

.6

N
GROUND RESOLUTION

FROM 100 nmi —FEET
|

.4 ;

3 T t '\-4; ———t
20 30 40 60 80 100

LENS DIAMETER —INCHES

T
-
|
[}

I
|

n
o -
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 ALTITUDE
(000 — VAN, ALLEN

Low V4

SATELLITE

i LARGER
HIGH Vit COVERAGE

AN

SUSTAINED ATMOSPHERIC DRAG, HEATING
ALTITUDE AND TURBULENCE

(nmi) INSUFFICIENT LIFT

BETTER
GROUND
RESOLUTION
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OPTIMUM SPECTRAL REGION
FOR AERIAL PHOTOGRAPHY

CHOICE BASED ON

O GSOLAR IRRADIANCE O DIFFRACTION
C ATMOSPHERIC TRANSMISSION C LENS TRANSMITTANCE

O GCENE REFLECTANCE AND COLOR CORRECTION
O SCENE CONTRAST O FILM SPECTRAL SENSITIVITY

NO '
ATMOSPHERIC 7 CONTRAST é CONTRAST
TRANSMISSH AND
TRANSMISSION, 4 (visieLe)
LOW SOLAR % 77
ENERGY 77 %

oy
SONN

77 LOW FILM

7/ SENSITIVITY

77 Lo SOLAR
ENERGY

INCREASED
DIFFRACTION

%y

7/, MAXIMUM AVAILABLE
ENERGY AT GOOD
CONTRAST

AR RN

|
X~

WAVE LENGTH —MICRONS
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oo ]

SO -132Z FILM

2:1 CONTRAST I

50

30

RESOLUTION AT
EDGE OF FIELD

20+

RESOLUTION
KT CENTER

RESOLUTION IF
DIFFRACTION
LIMITED

0 PANORAMIC
SYSTEMS

PANORAMIC
-SYSTEMS

ANGULAR RESOLUTION AT 2:{ CONTRAST—ARC SEC.
GROUND RESOLUTION FROM 100nmi —FEET
1

| ~
N— —
. '.0\1/2.0 3 50 100 200
WIDTH OF COVERAGE FROM 100 Nmi ALTITUDE —nmi

T ] T 1
1° 2° 3 5 16‘ 20° 30° 50° {00°
FULL FIELD ANGLE OF LENS & PAN ANGLE
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GENERAL STUDY OF CAMERA SYSTEMS

~.
D

FOR_ PHOTOGRAPHIC AERIAL RECONNAISSANCE

PURPOSE

INVESTIGATE TRADE-OFFS AMONG THE MANY PARAMETERS.

OPTIMIZE THE PHOTOGRAPHIC OUTPUT.

DETERMINE THE REQUIRED CONDITIONS TO ATTAIN A SPECIFIED PERFORMANCE LEVEL. -
PREDICT EFFORT WHICH WILL YIELD GREATEST ADVANCES.

PARAMETERS ¢~ CONDITIONS
CONTROLLED BY NATURAL LAWS
© SOLAR RADIATION
® ATMOSPHERIC TRANS MISSION s SCATTERING
® SCENE REFLECTANCE s-CONTRAST
© DIFFRACTION OF LIGHT

SPECIFIED
@® ALTITUDE ANGULAR
@® GROUND RESOLUTION [ KESOLUTION

" ® COVERAGE & MISSION LIFE
® VELOCITY
® WEIGHT LIMIT

Approved For Release 2007/03/06

VARIABLES [LIMITED BY STATE -OF -THE-ART]

SPECTRAL REGION

IMAGE SMEAR

® CAMERA SYSTEM ‘
© VEHICLE ANGULAR MOTION &-POSITION

LENS

® DIAMETER

® FIELD :
® §/NO. AND FOCAL LENGTH

~ ® IMAGE QUALITY

FILM

® SENSITIVITY )

® IMAGE QUALITY o ama T
SLECRET —

CAMERA TYPE

SPECHL HANDLINE
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t‘w




Approved For Release 2007/03/06 : CIA-RDP79B00314A000500050001-1

MODULATION TRANSEER FUNCTION
»% RESOLVING POWER.

RESOLVING POWER (ASA)
1.6:1 {000: |
4304 2003;»)500
§0-206 110 350
\ "M00 65 170
N B402 52 136
80132
\ 4404
33 )
S
Y
)
X 2
o >, S0-206
~\{ §
! 50 100 150 200 250

SPATIAL FREQUENCY  (Crimm)
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EILM IMAGE CHARACTERIGTICS 4404

100 ,\
AN

\ MODULATI
< Ir:rzmsce

UNCTIO
~

\4 >

T~

A7
% RESPONSE 7

and_. g
AERIAL IMAGE
MODULATION /4 MODULATION
ﬁ RESOLUTION

]
gm IMAGE MOD-

ULATION REQUIRED —
/ﬁmsownon

50 00 150 200 250 300 350
/oo
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TYPICAL _MTF ¢ SYSTEM PERFORMANCE

(&) UNOBSTRUCTED DIFFRACTION
LIMITED STATIC PERFORMANCE

® OBSTRUCTED APERTURE STATIC ®
PERFORMANCE
© STATIC OBSTRUCTED APERTURE
INCLUDING MANUFACTURING VARIATIONS & ABERRATIONS
@ OBSTRUCTED APERTURE DYNAMIC
Zo PERFORMANCE HIGH CONTRAST
o2F O © OBSTRUCTED APERTURE DYNAMIC
P23 . O PERFORMANCE AT REDUCED CONTRAST
= & s ‘.
59 ~ &
= N>
- 9 - S
o ome” | | |
AM | ,3\ .

“—SYSTEM RESOLUTION
INCREASING ————

SPATIAL FREQUENCY (LINES /MM)
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FOR A GIVEN RESOLUTION AND SMEAR RATE S0-132 FILM

ANGULAR
RESOLUTION

(ARrC SEC)
(2:1 CONTRAST)

T
» b

®
r L
&
GROUND RESOLUTION

FROM 10O NMi ~FEET

1
-

v d b

1
8 10
LENS DIAMETER - INCHES

-
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OPTIMUM DIAMETER AND f/NO.

FOR LENSES WITH EXPECTED ABERRATIONS  SO-132 FILM

#

LENS QUALITY DECREASES
TO THE RIGHT OF THIS BOUNDARY

ANGULAR

RESOLUTION

(ARC SEC)
(2:1 CONTRAST)

~
GROUND RESOLUTION

FROM 100 nmi —FEET

G 810 152 304 €0 80 100
LENS DIAMETER - INCHES
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LIMITATION OF LENS QUALITY
ON OPTIMUM DIAMETER

o130 LENS QUALITY BOUNDARY ‘ .
8- FOR VARIOUS FILMS
e_'2° T —So0-122
15 \\ /\%‘2%
4 N\
3
ANGULAR -8
RESOLUTION _ |
(ARc sec) | |8
(2:1contrasn) 1, Bk
au
3 a.!
8| EE
l2-2 0
el 39 .
s g §
4 w
e o — -
5 6

LENS DIAMETER—INCHES
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WIDTH OF GROUND COVERAGE
~ vs. GROUND RESOLUTION

200

GROUND RESOLUTION
FROM 100 nmi—FEET

1 i ]
5 10 20 3 50 100 200 ,
WIDTH OF COVERAGE FROM 100 nmi ALTITUDE —nmi

¥ 5 (0 203 5° 100°
ANGLE OF COVERAGE.
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WEIGHT OF OPTICS vs. LENS APERTURE

LENS
DIAMETER
- (INCHES)

$/2.8

Sl assmeaaet bintet i "‘I"'——"”“—rj S At Eienssiont eumesne pnntl mnnlih Rt T T T T T T
ol 2 3 5 1 2 3 5 10 20 3 50 (00 200 300 500 1000 3000 10,000
WEIGHT —POUNDS
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'FILM WEIGHT Vs. GROUND RESOLUTION

———
FILM WEIGHT—POUNDS

(STEREO COVERAGE, Y3 REDUNDANCY &~ WASTAGE)
(ESTAR THIN BASE FILM)
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GENERAL CONCLUSIONS

(1) SPECTRAL REGIONS
© VISIBLE, LIMITED &Y LENS CORRECTION. ®
o| |

(2) SMEAR RATE
© DIFFICULT TO IMPROVE UPON J; mr/sec. ERROR.

FILM

O GROUND RESOLUTION INDEPENDENT OF CURRENT FILM FOR FIXED
LENS DIAMETER AND SMEAR RATE.

O FINE GRAIN FOR MINIMUM WEIGHT AND RADIATION SUSCEPTIBILITY.

LENS
“ © DIAMETER DEPENDS NAINLY ON SMEAR RATE AND REQUIRED ANGULAR
RESOLUTION, : : ‘
© OPTIMUM FOCAL LENGTH EXISTS FOR A GIVEN FILM AND RANGE OF CONDITIONS.
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